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SUMMARY 
Studies to evaluate 5 chelat ing compounds  NTA (nitr i lotr iacetic acid), 
EDTA (ethylene d iaminetet ra  cetic acid), tar tar ic  acid, citric acid, th iourea 
and  an insecticide, carbofuran as inh ib i tors  of n i t r i fucat ion in a sandy loam 
(pH 7.7) at  10 and 50 ppm concentrat ions  showed that  except th iourea and 
carbofuran they  had  no appreciable ffect on nitr i f icat ion. Even  th iourea and  
carbofuran were moderate ly  effective at  h igher concentrat ions in retard ing 
n i t r i f icat ion in soil at  the most  upto 3 weeks. The results of the s tudy  suggest 
that  all the chelat ing compounds  may not  necessari ly be inhib i tors  of nitr i f i -  
cat ion process in soils as commonly  bel ieved and that  carbofuran may have 
l i tt le effect on ni tr i f icat ion in soils w i th  pH in the alkal ine range under  normal  
app l icat ion  rates. 
INTRODUCTION 
Lees s postulated that compounds like guanidine, sodium die- 
thyldithiocarbamate, potassium ethyl xanthate and other organic 
compounds found to retard nitrification in soils (mainly oxidation 
of NH4 + by Nitrosomonas) are chelating agents. According to this 
theory, the metal enzyme involved in the oxidation of NH4 + to 
NO9.- by Nitrosomonas is inhibited by these chelates, resulting in 
inhibition of nitrification. Based on this thinking it was decided to 
evaluate some chelating compounds like NTA (nitrilotriacetic acid), 
EDTA (ethylene diaminetetra cetic acid), citric acid, tartaric acid 
* Present address: International Crops Research Institute for the Semi-Arid Tropics 
(ICRISAT), 1-11-256, Begumpet, Hyderabad 500 016 A.P., INDIA 
522 K.L. SAHRAXYAT 
and th iourea  for the i r  possib le effects on n i t r i f i ca t ion  of ammonium 
sul fate and  urea  N in soil. I t  has been recogn ized that  the use of ni-  
t r i f i ca t ion  inh ib i to rs  can be he lpfu l  both  in conserv ing  fert i l i zer  N 
as well  as in reduc ing  the poss ib i l i ty  of n i t ra te  enr ichment  of g round 
and  surface waters  by  NO3-  der ived  f rom n i t r i f i ca t ion  of fert i l i zer  
NH4 +. Numerous  compounds  have been proposed  as inh ib i to rs  of 
n i t r i f i ca t ion  in soi ls 2 4 7 
In  an another  exper iment ,  the effect of carbofuran  on n i t r i f i ca t ion  
of NH4+-N in soils was tested.  This  was done because carbofuran  is 
an impor tant  insect ic ide hav ing  a wide usage for the  cont ro l  of in- 
sect pests  of var ious  crops through soil  or fo l iar  app l icat ion .  Though 
the pers is tence and  degradat ion  of th is  insect ic ide in soils have been 
s tud ied  by  G e t z i n 3. However ,  there  is lack  of in fo rmat ion  about  the  
effect of carbofuran  app l i ca t ion  on the  t rans format ion  of ammonium 
n i t rogen in soils. A lso these agr icu l tu ra l  chemica ls  are known to 
have effects on b iochemica l  t rans format ions  l ike n i t r i f i cat ion  6 s 14 
which  may somet imes  affect n i t rogen nut r i t ion  of crops 9 10 
MATERIALS AND METHODS 
The soil used was a surface (0-15 cm) sample of a sandy clay loam, alluvial 
soil collected from the farnl of the Indian Agricultural Research Institute, 
New Delhi. Before use the soil was air dried and ground to pass a 2-ram sieve. 
The soil analysis was done as decribed by Sahrawat  ll. The soil had pH, 
organic carbon, total N and C.E.C. of 7.7, 0.60%, 0.072% and 11.6 meq/100 g
soil respectively. 
Analytical reagents of thiourea, sodium salts of NTA (trisodiunl nitrilo- 
triacetate monohydrate) and EDTA (disodium ethylenediaminetetracetic 
acid), tartaric acid, citric acid and technically pure carbofuran (2,3-dihydro- 
2, 2-dimethyl-7-benzofuranyl N-methyl carbonate) a product of FMC cor- 
poration, N.Y., were used for testing their effects on nitrification in soil at 
concentrations of 10 and 50 parts/106 of soil. The amounts of Na3 NTA and 
Na2EDTA used were on the basis of free nitrilotriacetic acid and free ethylene- 
diaminetetraacetic acid concentrations respectively. The abil ity of various 
chelating agents tested to inhibit nitrification in soil was compared with that 
of 2-chloro-6-(trichloromethyl) p)~ridine (N-Serve, a patented product of the 
Dow Chemical Co., iXiidland, IViich., USA) at a concentration of 10 ~g/g of 
soil. 
The following procedure was used to study the effects of various compounds 
on nitrification of (iNI--I4)2SO 4 and urea N. Samples (100 g) of soil were placed 
in 500 ml beakers and treated with 5 nil of water containing 10 mg of N as 
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urea  or (NH4)2SO4 and  w i th  5 ml  of water  or 5 ml  of water  conta in ing  1 mg 
or 5 mg of the  compounds  to be tes ted .  More water  was  then  added to the  soil  
samples  to  b r ing  then1 to 60o/0 water -ho ld ing  capac i ty  (WHC)  mo is ture  level.  
The  beakers  were covered  w i th  po lyethy lene  sheets  and  incubated  at  30~ for 
3 weeks.  The  mois ture  content  of the  soil  samples  was  mainta ined  by  add ing  
d ist i l led water  twice a week.  
In  a second incubat ion  exper iment ,  the  ef fect  of 10 and  50 ppm concen-  
t ra t ions  of carbo furan  on  n i t r i f i ca t ion  of NH4+-N in soil  was  s tud ied  for 4 
weeks.  Dup l i ca te  10 g soil samples  were drawn a f te r  thorough ly  mix ing  the  
soil  f rom each  t reatment  and  ana lysed  week ly  for NH4 +, NO2-  and  NOa- -N  12. 
F rom the  va lues  of NO2-  and  NO3-  obta ined  f rom soil ana lys i s  the  percentage  
inh ib i t ion  of  n i t r i f i ca t ion  by  the  compounds  tes ted  was  ca lcu la ted  as descr ib -  
ed by  Bundy  and  Bremner  1, us ing  the  fo rnmla  (C-S) /C • 100 where  S = 
amount  of (NO2-  + NOa- ) -N  produced  in soi l  sample  t reated  w i th  the  tes t  
compound and  C = mnount  of (NO2-  + NOa- ) -N  produced  in the  cont ro l  
(no tes t  compound added. )  
RESULTS AND DISCUSSION 
The results on the effects of different chelating compounds tested 
on nitrification of (NH4)zS04 and urea N in soil are given in Table 1. 
The results indicate that NTA, EDTA, tartaric acid and citric acid 
hardly had any appreciable effect on nitrification of fertilizer N. The 
percentage inhibition of nitrification with these compounds at 50 
TABLE 1 
Effects of chelating compounds and N-serve oil nitrification of axnmonimn sulfate and 
urea nitrogen in soil 
Compound Amount of 
conlpoultd 
({xg/g of soil) 
% Inhibition of nitrification after weeks 
ZilllllOniUlll sulfate Urea 
1 2 3 1 2 3 
NTA 10 2 0 0 2 0 0 
NTA 50 6 0 0 4 0 0 
EDTA 10 2 0 0 2 0 0 
EDTA 50 7 1 0 5 0 0 
Tartaric acid 10 3 0 0 2 0 0 
Tartaric acid 50 6 2 0 4 1 0 
Citric acid 10 2 0 0 0 0 0 
Citric acid 50 4 0 0 3 0 0 
Thiourea 10 10 7 2 7 3 0 
Thiourea 50 1B 14 7 16 7 3 
N-serve 10 89 90 83 93 90 87 
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parts/10 s concentration varied from 2 to 7% only after one week and 
the inhibition of nitrification was negligible after 2 weeks. There 
was little if any inhibition of nitrification observed with 10ag/g soil 
concentration of these compounds. However, thiourea showed some 
inhibition of nitrification of both urea and (NH4)2S04 N and the 
maximum inhibition observed at 50 parts/10 s concentration was 
18% after one week and ranged from 3 to 7% only after 3 weeks. 
At 10 parts/106 concentration, thiourea was considerably ess effec- 
tive in inhibiting nitrification and the maxiumm inhibition of nitri- 
fication observed was 10% after one week and ranged from 0 to 2% 
after 3 weeks. Table 1 also shows that as compared to 2-chloro-6- 
(trichloromethyl) pyridine (N-Serve), the compounds tested were 
little effective in inhibiting the nitrification of (NH4)2SO4 or urea N 
in soil. The inhibition of nitrification of (NH4),,SO4 N with thiourea 
has also been reported by Wei r  15 
The formation of NO~,-N from both urea and (NH4)2S04 was little 
influenced by any of the compounds tested. The maximum amount 
of NO2- detected was only about 5 parts/106 after one week and was 
less than 2 parts/10 s after 3 weeks in all the treatments with urea. 
The amounts of NO2--N accumulated with (NH4)2S04 was always 
less than 2 parts/10 s after one week and NO2- was not detected after 
3 weeks in all the treatments with or without he compounds tested. 
It was further indicated from the results of the study that except 
thiourea to some extent, none of the compounds tested had any ef- 
fect on conversion of either NH4 + to NO,)- or oxidation of NO2- to 
NO3- so that the formation of both NO2- and NO3- from (NH4)2S04 
or urea N in soil was little influenced. This finding seems to be some- 
what incompatible with the theory forwarded by Lees 5 that the 
chelating agents inhibit nitrification (mainly conversion of NH4 + to 
NO2-) in soils by chelating with some metal enzyme involved in the 
oxidation of NH4 + to NO2- by Nitrosomonas. NTA and EDTA are 
powervul chelating agents but these compounds could hardly make a 
impact in inhibiting the nitrification in soil treated with (NH4)2S04 
or urea N even at a concentration of 50 parts/10 s. The finding of 
Tabataba i  and Bremner  13 that NTA was readily decomposed 
by soil microorganisms under both aerobic and anaerobic onditions 
in Iowa soils at 30~ seems to support hat NTA might be ineffective 
in inhibiting soil nitrification as found in the present study. The 
results of the present study suggest that all the chelating compounds 
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TABLE 2 
Ef fect  of carbofuran  on n i t r i f icat ion in soil t reated  with ammonium sul fate (100 ppm N) 
Carbofuran  (NO.~- + NO,.,-)-N produced (ppm) % Inhib i t ion of n i t r i f i cat ion 
concent ra t ion  af ter  weeks of incubat ion  
(txg/g of soil) 1 2 3 4 1 2 3 4 
0 19 40 58 70 . . . .  
10 17 37 56 68 10 7 3 3 
50 14 30 50 67 26 25 14 4 
may not necessarily be inhibitors of the nitrification process in soils 
as postulated by Lee s 5. Perhaps these compounds are inactivated 
either by soil metabolism or by physico-chemical phenomena; like 
adsorption with clay minerals or organic matter and are ineffective 
in inhibiting the nitrification process in soils unlike in studies with 
pure cultures of the nitrifying bacteria, where these factors are absent. 
Results on the effect of Carbofuran on nitrification of ammonium 
sulfate nitrogen in soil are presented in Table 2. At 10 ppm the in- 
secticide retarded nitrification only to a less extent. With the in- 
crease in the rate of application from 10 to 50 ppm, the inhibitory 
effect on nitrification was also increased but this lasted only upto 
3 weeks. The maximum inhibition of nitrification observed by the 
insecticide was 26% after one week of application and this was re- 
duced to 4% only after 4 weeks (Table 2). 
It was also observed from the results that Carbofuran retarded 
both steps of the nitrification process viz. conversion of NH4 + to 
NO2- and conversion of NO.,- to NO3-. The accumulation ofNO2-- 
in the soil samples increased with the increase in the rate of insecti- 
cide application. The maximum amounts of NO2- detected under 
different reatments mentioned in parentheses were 2.3 ppm (con- 
trol) 7.0 ppm (10 ppm Carbofuran) and 10.5 ppm (50 ppm Carbo- 
furan). However, the amount of NO2--N was less than 1 ppm after 
5 weeks in all the treatments. 
The inhibition of nitrification with Carbofuran application at both 
rates (I 0 and 50 ppm) seemed to last more or less upto 3 weeks in the 
soil studied. This might be probably due to rapid chemical hydrolysis 
of Carbofuran in this soil with an alkaline reaction of 7.7. The sup- 
port for this has been provided by the study of Getz in  a, who re- 
ported that the degradation of Carbofuran was 7-10 times faster in 
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an alkaline soil (pH 7.9) than in acid and neutral soils (pH 4.3-6.8). 
The results of the present study along with the observations made 
by Getz in  3 suggest that at field rates of application, Carbofuran 
will have little effect on the nitrification process in soils having pH 
in the alkaline range. Even the higher rate of application did not 
seem to appreciably retard nitrification in the soil used except for a 
temporary inhibition of nitrification upto 3 weeks. However, further 
studies with more soils providing a wide range in pH from acid 
through alkaline are necessary to substantiate this observation made 
in this preliminary study. 
In conclusion the work reported suggests that the chelating com- 
pounds tested and carbofuran may be of little value for retarding 
nitrification in soils. 
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